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[57] ABSTRACT

A solar pond of large scale comprises an intake and a
return outlet which are not fixedly disposed but are
movable in the direction of water depth. The intake and

the return outlet are connected through a saline water
circulation loop in which necessary saline concentra-

tions with respect to water depths of the solar pond can
be efficiently obtained. This allows a solar pond with a
specified saline concentration gradient to be established
and repaired in a brief period.

14 Claims, 7 Drawing Figures
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SOLAR POND AND METHOD OF ESTABLISHING
THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to a solar pond, and
more particularly to a saline type (salt gradient) solar
- pond.

2. Description of the Prior Art

Solar ponds may be generally classified, by the kinds
of liquid to be used as the absorbent or heat storage
medium of solar energy, into a non-saline type that
utilizes homogeneous water (fresh water) and a saline
type that utilizes water solutions of vartous kinds of salt,
and also classified by the structures thereof.

Of these types, a saline type solar pond stores salt of
various kinds, such as table salt (sodium chioride), mag-
nesium chloride, and boric acid dissolved in a water
solution within a relatively shallow pond of approxi-
mately 2 to 3 meters in depth. Such a pond establishes a
concentration gradient of the solution such that deeper
water has a higher concentration and shallower water
has a lower concentration, as shown in FIG. 4(4). In this
structure, the sun’s rays, which are absorbed as heat
while penetrating water at water depths corresponding
to the respective ray’s wavelengths, eventually reach
the deepest portion of the pond where all the remaining
rays are absorbed. The heated water of the deepest
portion never rises because the water of the pond main-
tains a certain concentration gradient, i.e., a gradient
due to specific gravity such that deeper water has a
higher specific gravity. All of the water of the pond 1s
thus prevented from undergoing natural convection
and, as a result, the water remains heated at high tem-
peratures at lower water depths. This means that the
sun’s rays are completely converted into heat and ab-
sorbed within the water, and the water maintains a
certain temperature gradient substantially similar to the
concentration gradient of FIG. 4(b).

As described above, a saline type solar pond can
obtain higher temperatures as compared to a solar pond
of the non-saline type, so that 1t 1s most widely used. In
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general, the salt water solution of the bottom layer (a 45

heat storage layer in FIG. 4(a)) which 1s heated to the
highest temperature is taken out externally so as to be
utilized as a heat source.

In the saline type solar pond, it i1s essentially required
to establish a saline concentration gradient correspond-
ing to the respective water depths, and moreover to
maintain it all the time during operation. However, this
necessitates cumbersome and complicated procedures.

Hitherto, there has been practiced such a method that
besides a solar pond, another tank is provided having a
salt water solution of a specific concentration and
which feeds the same into the solar pond. A solution of
lower concentration than the previous one i1s subse-
quently prepared in the tank and delivered to the pond
on top of the previously fed solution. This procedure is
repeatedly performed in several steps so as {0 sequen-
tially stack layers of solutions of different concentra-
tions until a specified concentration gradient 1s estab-
lished. There has also been practiced an extremely sim-
plified method in which salt is directly introduced into
a pond so that a salt water solution of high concentra-
tion is first prepared, and then fresh water is filled upon
this solution so as to cause a natural diffusion.
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However, such methods are effective only for a solar
pond of a small scale, and in the case of larger practical
scales such as a pond having more than several thou-
sand square meters in surface area, the water stored
therein generally exceeds ten thousand tons and the salt
to be used reaches upward of a thousand tons. As a
result, should the above-described methods be em-
ployed, a very large tank becomes necessary and, in
addition, it takes several months to establish a specified
concentration gradient of salt water solution. This inev-
itably causes restrictions on the scale of solar ponds in
terms of economic considerations and time-consuming
procedures.

Moreover, once established, the concentration gradi-
ent of the salt water solution is gradually lost due to the
material diffusion of the salt, thereby making the solu-
tion uniform. It 1s therefore necessary that salt be sup-
plied to the bottom layer of the pond while at the same
time, fresh water is sprayed over the surface layer so as
to maintain the concentration gradient, and this also
necessitates cumbersome and complicated procedures.

Particularly, in the case of conventionally structured
solar pond wherein both the intake and the return outlet
are fixed in position, when the concentration gradient is
destroyed by windstorm or boiling or some other cause,
it 1s almost impossible to repair the concentation gradi-
ent so as to recover its original extent in a brief period.
Moreover, should this repair be performed, it becomes .
a large scale and time-consuming procedure in which all
the solution 1n the pond 1s thrown away, and the gradi-
ent is reestablished anew. In addition, should a solution
of such a high concentration be discharged from the
solar pond into a river, there would be a danger of
creating environmental pollution problems.

SUMMARY OF THE INVENTION

Accordingly, one object of this invention 1s to pro-
vide a solar pond of large scale and a method of estab-
lishing the same that can establish a necessary concen-
tration gradient of a salt water solution in a brief period.

Another object of this invention is to provide a solar
pond of a large scale and a method of establishing the
same that can maintain or recover the concentration
gradient of a salt water solution in a brief period so as to
assure a continuous operation. |

Briefly, in accordance with one aspect of this inven
tion, there is provided a solar pond of a large scale
wherein an intake and a return outlet are not fixed but
can be varied in position in the direction of depth,
whereby the initial concentration gradient of a salt
water solution can be continuously established in a brief
period. In addition, the concentration gradient during
operation can be readily maintained.

The method for establishing a solar pond for absorb-
ing and storing solar energy as heat according to the
invention includes the steps of predetermining reference
values of saline concentrations with respect to water
depths of the solar pond; circulating water through a
circulation loop including taking and returning water
from and into selected depth levels of the solar pond;
adjusting concentrations of the water within the circu-
lation loop whereby concentrations at different depth
levels are adjusted; changing the positions of taking and
returning water to change the selected depth levels;
again adjusting concentrations of the water within the
circulation loop whereby the concentrations of the
changed depth levels are adjusted; and repeating the
steps of position changing and concentration adjusting
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until actual concentrations reach the predetermined
reference values at all depths of the solar pond.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and
many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
ings, wherein:

FIG. 1 is a schematic diagram illustrating one em-
bodiment of a solar pond according to the present in-

vention;

FIG. 2 is a schematic diagram illustrating another
embodiment of a solar pond according to the present
invention;

FIGS. 3(a), 3(b) and 3(c) are schematic appearance
diagrams respectively illustrating various embodiments
of the intake and the return outlet shown in FIG. 1 and
FIG. 2; and

FIGS. 4(a) and 4(b) are respectively a cross-sectional
view and a graphical representation to explain a con-
cept of general solar ponds.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, wherein like refer-
ence numerals designate identical or corresponding
parts throughout the several views, and more particu-
larly to FIG. 1 thereof, one embodiment of this inven-
tion will be described. In FIG. 1, an mmtake 1 and a
return outlet 2, both unfixed, are respectively connected
through flexible tubes 3a and 3b to an intake tube 4 and
a return tube 5. The intake 1 and the return outlet 2 can
be controlled in position at the respective water depths
by position control apparatus 6a and 65. Naturally, the
control can also be performed in the respective horizon-
tal directions by analogous control structure when re-
quired.

The intake tube 4 is connected through a feedwater
pump 7 to the primary side entrance of a heat exchanger
11, while the return tube 5 is connected via a tank 8a
within a circulation loop to the primary side outlet of
the heat exchanger 11. The return tube 3 is also con-
nected to an external tank 86 which supplies water for
circulation required in the initial stage of establishing a
solar pond, and sprays fresh water (or lower salinity salt
water, such as sea water) over the surface layer of the
solar pond during operation. Here, the external tank 85
may be connected to either seas or rivers or lakes. The
secondary side of the heat exchanger 11 is connected to
a heat load.

A solar pond 10 is provided with a temperature de-
tector 21 and a concentration detector 22 that respec-
tively measure temperatures and saline concentrations
at all water depths, and the respective signals therefrom
are fed into a controller 20. The controller 20 1s a con-
ventional programmable device which produces posi-
tioning signals on the basis of preprogrammed com-
mand signals representing a desired concentration ver-
sus water depth, and supplies the same to the position
control apparatus 64 and 6b. |

The position control apparatus 6a and 6b are respec-
tively constituted by drums that wind and unwind wire
ropes connected respectively to the intake 1 and the
return outlet 2, electric motors M coupled to the drums,

and drive circuits DCC that drive the electric motors M

in response to the signals from the controller 20. Fur-
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ther, the position control apparatus 6a and 66 are re-
spective provided with position detectors that detect
positions of the intake and return outlets 1 and 2, and the
respective signals P; and P; therefrom are fed into the
controller 20.

First, the operation will be described when the initial
concentration gradient of salt water solution Is estab-
lished. The intake 1 and the return outlet 2 are respec-
tively controlled so as to be positioned near the bottom

of the solar pond 10, and water is filled therein so that

both the intake 1 and the return outlet 2 are submerged.
Here, the initial water may be either a salt water solu-

tion of a certain concentration which is prepared previ-
ously within the tank 86 outside the circulation loop and
is injected thereinto, or fresh water for the sake of time-
saving. Next, the water in the solar pond 10 1s circulated
by means of the feedwater pump 7 from the intake 1 to
the return outlet 2 through the heat exchanger 11 and
the tank 8¢ in the loop. While circulating water, salt 1s
continuously added to the water within the tank 84 in
the loop, and the circulation continues until the saline
concentration of the water filled within the first layer of
the solar pond 10 reaches a specified level.

After the concentration of the solution within the
first layer has reached the specified level, namely, after
the signal from the concentration detector 22 has
reached a specified value, the position control apparatus
6a and 6b respectively operate to continuously and
gradually lift the intake 1 and the return outlet 2 in
synchronism while keeping them at the same level as
one another. At the same time the above-described
procedures are continuously performed so as to gradu-
ally lower the concentration of the solution in accor-
dance with the vertical concentration gradient shown in
FIG. 4(b). During these procedures, the feed-water
pump 7 need not be stopped. Thus, only by controlling
the amount of salt to be supplied into the tank 8a and/or
by controlling the lifting speed of the intake 1 and the
return outlet 2 by means of the position control appara-
tus 62 and 6b, a predetermined concentration gradient
can be continuously and extremely readily established
in a brief period.

The next major functions are the maintenance and
recovery of the concentration gradient during opera-
tion. During operation, the pump 7 is operated and the
controller 20 receives the signals from the concentra-
tion detector 22 and the temperature detector 21 com-
pares the same with preprogammed reference values of
concentration versus water depth. Difference signals
derived from a comparison of actual and reference val-
ues are fed into the position control apparatus 62 and 6b
which move until the difference signals become zero.

Naturally, the controller 20 may also be designed to
monitor during operation the concentrations and tem-
peratures so as to generate an alarm only when they
deviate abnormally from the respective specified val-

-ues. By virtue of this function, the intake 1 and the

return outlet 2 may be positioned at a layer wherein the
concentration gradient has been destroyed so that the
specified concentration may be recovered by recircula-
tion through the tank 8a. Should the concentration
gradient be disturbed, or there be any layer whose con-
centration deviates from its specified value, the intake 1
and the return outlet 2 are positioned by means of the
position control apparatus 6a and 6b at the depth of the
layer to be repaired, and the water of this layer is circu-
lated by the feed-water pump 7. When the concentra-
tion of this layer is required to be raised, salt is supplied
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into the tank 8a. Conversely, when the concentration is
to be lowered fresh water 1s injected into the tank 8a,
and this circulation procedure continues until the saline
concentration reaches its specified value.

By virtue of applying this circulation procedure, the
thickness of heat storage layers can be arbitrarily varied
sO as to increase or decrease the entire heat storage mass
of the solar pond 10, and the temperature of the solution
during operation can be modified so as to perform a
flexible operation in accordance with insulation values
and a heat load, whereby an extremely serviceable solar
pond can be obtained for a wide range of applications.

In such an extreme case when the entire water of the
solar pond 10 is agitated by a storm or the like and the
concentration gradient thereof disappears resulting 1n a
homogeneous concentration, all the water 1s conven-
tionally thrown away and the gradient must be reestab-
lished anew, which becomes economically disadvanta-
geous. In addition, the procedures to discard a large
quantity of high-concentration saline solution in accor-
dance with such a suitable treatment as to avoid pollu-
tion necessitate an enormous expense, space and time.
However, according to the present invention, by vitrue
of repetition of the aforementioned procedures, the
recovery of the concentration gradient of salt water
solution in the solar pond can be extremely readily
accomplished.

In this case, it is also possible that the intake 1 and the
return outlet 2 are positioned at different depths, for
example, the intake 1 may be positioned near the surface
while the return outlet 2 is deeply positioned so that a
high-concentration saline solution in the upper layer
transfers to the deeper layer. Also, with the additional
use of the tanks 8z and 8b, the concentrations of the
respective layers can be maintained and recovered in
various combinations.

The substances which can impede the transparency
of the water in the solar pond 10, for example, sand,
dust, leaves and salt water marine life are all eliminated
by means of a filter apparatus 25 provided between the
feed-water pump 7 and the heat exchanger 11 without
any interruption of the operation of the solar pond 10.
The filter apparatus 25 functions such that when a valve
V1 1s closed and valves V3 are opened, the circulating
water passes through a filter so as to be filtered for a
specified period of time, and thereafter the valve Vi is
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opened while the valves V3 are closed so that the circu-

lating water does not pass through the filter.

The above-described procedures can be continuously
performed, so that a specified concentration gradient
can be accomplished in a brief time, and this 1s one of
the significant advantages according to the present in-

vention.
- FI1G. 2 shows another embodiment of a solar pond
according to the present invention. Here, the descrip-
tion will be made only as to the differences from the
embodiment shown in FIG. 1. In FIG. 2, instead of the
concentration detector 22 and the temperature detector
21 both provided within the solar pond 10 of FIG. 1,
there are provided a concentration detector 31 and a
temperature detector 30 within a circulation loop. Spe-
cifically, the temperature detector 30 is disposed on an
intake tube 4 so as to detect temperatures of water taken
through an intake 1 from a solar pond 10, and the con-
centration detector 31 i1s disposed on a tube nearby the
exit (downstream) side of a tank 18a in the circulation
loop so as to detect saline concentrations of the circulat-
ing water. Further, within the tank 18a there are pro-
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vided a tank filled with high-concentration solution and
a tank filled with fresh water (not shown) and valves
(not shown) disposed at the respective tanks within tank
18a are controlled so as to be opened or closed on the
basis of signals from the controller 20 so that a specified
concentration can be obtained. Naturally, salt may be
directly introduced into the tank 18a.

The basic operations of the solar pond 10 are identical
to those described in the case of FIG. 1, so that the
description thereof is omitted.

When the temperature detector 21 detects exces-
sively high temperatures at a certain layer which is
nearly boiling with the resulting danger of concentra-
tion disturbance, the positions of the intake 1 and the
return outlet 2 may be so controlled that the high tem-
perature 1s reduced and destruction of the solar pond
due to boiling can be nipped in the bud.

Here, the intake 1 and the return outlet 2 may be
spherical or box-shaped and provided with bores or slits
as shown 1n FIGS. 3(a) and 3(b) in the case of smaller
scale solar ponds. However, in the case of wider and
larger scale solar ponds, they may be tubes provided
with slits or many bores as shown in FIG. 3(c). How-
ever, the structures per se of the intake 1 and the return
outlet 2 are, in fundamental concept, not required to
meet particular specifications so long as the subject of
the present invention is satisfied. Naturally, there may
be provided a plurality of them when required.

Similarly, the flexible tubes 3z and 356 may be either
bellows types or any other types with suitable flexibil-
ity. Further, the position control apparatus 6a and 6b
may be any type of hoisting apparatus such as conven-
tional chain and blocks, and may also be either manually
operated apparatus or automatically operated apparatus
linked to water-depth measuring instruments.

As described above, according to the present inven-
tion, the intake 1 and the return outlet 2 are not fixed but
are structured so as to be movable in the direction of
depth. Thus, there are provided such advantages that
the initial concentration gradient can be continuously
and readily established in a brief period, that during
operation, partial repairs of the concentration gradient
and modifications of the thickness of the heat storage
layer can be rapidly and continuously accomplished,

and that even when the concentration gradient is de-
stroyed, it can be extremely readily recovered without

danger of public pollution, whereby a large scale and
highly economical solar pond and method of establish-
ing the same can be provided.

Obviously, numerous additional modifications and
variations of the present invention are possible in light
of the above teachings. It is therefore to be understood
that within the scope of the appended claims, the inven-
tion may be practiced otherwise than as specifically
described herein.

What is claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A solar pond for absorbing and storing solar en-
ergy as heat, comprising:

pond means for storing water;

intake means in said pond means for taking water

from said pond means;

return outlet means in said pond means for returning

water into said pond means;

circulation loop means connected between said intake

means and said return outlet means;

feed-water pump means disposed in said circulation

loop means;
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a tank apparatus disposed in said circulation loop
means, said tank apparatus including means for
adjusting saline concentrations of water within said
circulation loop means;

controller means including saline concentration de-
tector means for detecting saline concentrations of
water in said pond means at levels of said pond
means corresponding to vertical positions of said
intake means, said controller means further includ-
ing means for producing output signals as a func-

tion of said detected saline concentrations; and
means for adjusting vertical positions of said intake
means and said return outlet means in response to said

output signals from said controller means.

2. The solar pond as recited in claim 1, further com-
prising:

filter means associated with said circulation loop
means for eliminating foreign substances included
in the water within said circulation loop means.

3. The solar pond as recited in claim 1, further com-

prising:

temperature detector means for detecting tempera-
tures of water in said pond means at levels corre-
sponding to positions of said intake means, and

means for providing output signals from said control-
ler means as a function of said detected tempera-
ture for adjusting positions of said intake means and
said return means in response to said detected tem-
peratures.

4. The solar pond as recited in claim 1, wherein said
concentration detector means is disposed in said pond
means and has a length extending in the direction of
water depth, said length being at least equal to said
water depth.

5. The solar pond as recited in claim 4, wherein said
means for adjusting the saline concentration of water
includes means for performing said adjusting In re-
sponse to said output signals from said controller means.

6. The solar pond as recited in claim 1, wherein said
concentration detector means is disposed in said circula-
tion loop means at a downstream side of said tank appa-
ratus.

7. The solar pond as recited in claim 6, wherein said
means for adjusting the saline concentration of water
includes means for performing said adjusting in re-
sponse to said output signals from said controller means.

8. A solar pond for absorbing and storing solar en-
ergy as heat, comprising:

'pond means for storing water;

intake means in said pond means for taking water
from said pond means;

return outlet means in said pond means for returning
water into said pond means;

circulation loop means connected between said intake
means and said return outlet means;

feed-water pump means disposed in said circulation
loop means;

a tank apparatus disposed in said circulation loop
means, said tank apparatus including means for
adjusting saline concentrations of the water within
said circulation loop means;

controller means including saline concentration de-

tector means for detecting saline concentrations of

water in said pond means at levels corresponding
to vertical positions of said intake means, said con-
troller means further including means for control-
ling said means for adjusting such that a predeter-
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mined concentration of the water 1s detected by
said concentration detector means, said controller
means further including means for changing verti-
cal positions of said intake means and said return
outlet means such that said predetermined concen-
tration is obtained.

9. The solar pond as recited in claim 8, further com-

prising:

temperature detector means for detecting tempera-

tures of water in said pond means at levels corre-

sponding to positions of said intake means, and
means for providing output signals from said control-
ler means as a function of said detected tempera-

ture for adjusting positions of said intake means and
said return means in response to said detected tem-

peratures.

10. A method for establishing a solar pond for absorb-
ing and storing solar energy as heat, comprising the
steps of:

predetermining reference values of saline concentra-

tions with respect to water depths of said solar
pond;

circulating water through a circulation loop includ-

ing taking and returning water from and into se-
lected depth levels of said solar pond via intake
means and return outlet means;

adjusting concentrations of the water within said

circulation loop whereby said saline concentrations
at said depth levels are adjusted;
changing the positions of taking and returning water
to change said selected depth levels by vertically
moving said intake means and return outlet means;

again adjusting concentrations of the water within
said circulation loop whereby said saline concen-
trations of said changed depth levels are adjusted;
and

repeating said steps of position changing and concen-

tration adjusting until actual saline concentrations
reach said predetermined reference values at all
said water depths of said solar pond.

11. The method for establishing a solar pond as re-
cited in claim 10, further comprising the steps of:

detecting saline concentrations of the water within

said solar pond; and

adjusting said saline concentrations of the water

within said circulation loop on the basis of a com-
parison between said detected saline concentra-
tions and said predetermined reference values of
saline concentrations.

12. The method for establishing a solar pond as re-
cited in claim 11, further comprising the step of:

filtering foreign substances included in the water

within said circulation loop.

13. The method of establishing a solar pond as recited
in claim 10, further comprising the steps of:

detecting temperatures of the water within said solar

pond, and

adjusting temperatures of the water within said circu-

lation loop on the basis of comparison between said
detected temperatures and predetermined refer-
ence temperatures.

14. The method for establishing a solar pond as re-
cited in claim 13, further comprising the step of:

filtering foreign substances included in the water

within said circulation loop.
% % * ¥k %




	Front Page
	Drawings
	Specification
	Claims

